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http://dx.doi.org/10.1016/j.jmu.2013Background: Assessment of amniotic fluid volume (AFV) is important for determining fetal
well-being in the uterus. This assessment can be made subjectively or objectively by
measuring the amniotic fluid pockets.
Methods: Single deepest pocket (SDP) measurement was the first method for objectively
determining AFV in a noninvasive manner. This is a faster technique compared with the Amni-
otic Fluid Index method and is the only easy objective way in case of multiple pregnancies,
especially in dizygotic gestation.
Results: In this study, SDP was found to range between 1.7 and 7.6 cm from 14 to 41 weeks of
gestational age.
Conclusion: Therefore, SDP >7.6 cm can be considered as polyhydramnios and SDP <1.7 cm as
oligohydramnios.
ª 2013, Elsevier Taiwan LLC and the Chinese Taipei Society of Ultrasound in Medicine.
Open access under CC BY-NC-ND license.Introduction
Amniotic fluid volume (AFV) is an important parameter to
assess fetal well-being, growth, and development. Fluid
volume abnormalities can directly interfere with fetalhas no conflicts of interest
i, Dhaka Cantonment, Dhaka
.com.
C and the Chinese Taipei Society
.10.011development, causing structural anomalies such as pulmo-
nary hypoplasia. Abnormal amount or appearance of the
fluid may also be an indirect sign of an underlying disorder,
such as fetal hypoxia, neural tube defect, or gastrointes-
tinal obstruction. Sonographic evaluation of the amniotic
fluid can thus aid in the diagnosis of fetal structural
anomalies and fetal compromise, and can help in making
pregnancy management decisions [1].
Various methods for calculating AFV have been devel-
oped. One of them is the maximum vertical pocket (MVP)
method, which was developed to diagnose oligohydramniosof Ultrasound in Medicine. Open access under CC BY-NC-ND license.
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greatest vertical dimension of the deepest pocket of am-
niotic fluid free of cord and extremities. Most institutions
use 2 cm as the minimum normal amount; less than 2 cm
usually indicates oligohydramnios. An alternative method,
the four-quadrant analysis, assesses AFV by finding the
Amniotic Fluid Index (AFI), by totaling the individual
pockets of amniotic fluid [2].
The single deepest vertical pocket (SDVP) measurement in
the assessment of AFV during fetal surveillance seems to be a
better choice, because the use of AFI increases the rate of
diagnosis of oligohydramnios and the rate of induction of
labor, without improvement in peripartum outcomes. A sys-
tematic review of the diagnostic accuracy of both methods in
detecting decreased amniotic fluid is required. The use of AFI
increases the intervention rate without an improvement in
pregnancy outcomes. The SDVP measurement appears to be
the more appropriate method for assessing AFV during fetal
surveillance. It is also logical to recommend that only one
method should be used for fetal assessment tests [3].
A nomogram of the AFI has been prepared on Bangla-
deshi population for assessing fetal AFV more accurately
[4], but a table of MVP or single deepest pocket (SDP) for
amniotic fluid assessment has still not been prepared on
this population.
This study was therefore designed to prepare a chart to
assess AFV by measuring the SDP or MVP of the fluid in
healthy pregnant women in Bangladesh.
A table of SDP of amniotic fluid generated from Ban-
gladeshi population will give more accurate measurement
of maternal AFV. This will in turn help in the proper
assessment of fetal well-being, growth, and development,
as all of these factors are related to AFV of the fetus. Ac-
curate determination of AFV, especially when measured in
near-term fetus, also helps in the decision making of the
mode and time of delivery.
The SDP or MVP method provides a quick assessment of
the amniotic fluid, as it is less time consuming. It is also the
only quantitative method that can be used in case of mul-
tiple pregnancies, especially in dizygotic gestation. The
AFV assessment by SDP is also more accurate as less ce-
sarean section deliveries are done if this method is used
compared with AFI, with no increase in the morbidities or
mortalities according to one big study [3].Participants and methods
This was a prospective and cross-sectional study. There-
fore, each participant was included once only in the study.
When a patient was scanned more than once, only her first
scan was included in the study. This study was conducted in
an ultrasound diagnostic center located in the central area
of the capital city of Dhaka. Participants from all over
Bangladesh are represented in this study, as they come
from different parts of the country to the capital, to settle
or work here and also for their medical checkups.
Healthy gravid women were studied from May 2010 to
February 2013, over a period of about 3 years. A 3.5-MHz
curvilinear probe was used to perform the ultrasonography
of the fetuses. All the patients were Bangladeshis. The
study included the following inclusion criteria: regularperiods, certain last menstrual period date, participants
who started antenatal care before 20 weeks of gestation,
no history of leaking or ruptured membranes, no history of
tobacco or substance abuse, no medical, surgical or ob-
stetric complication such as diabetes (gestational diabetes
mellitus, diabetes mellitus, or impaired glucose tolerance
test), and hypertension.
The exclusion criteria were participants with large
myoma, bad obstetric history, fetal anomalies, growth re-
striction [<2 standard deviation (SD) fetal weight], and
maternal malnutrition.
The ultrasound scan for measurement of AFV was per-
formed with the patient in supine position. The probe was
held longitudinally and placed perpendicular to the exam-
ination table on which the patient was lying. The probe was
placed on all parts of the uterus until the deepest pocket of
amniotic fluid was detected. The pocket must be free of
any fetal part or umbilical cord. By placing the electronic
calipers in the upper and lower margins of the deepest
pocket, the depth of the pocket was measured. All the
collected data were entered into a computer and then
statistical analyses were done using the Statistical Package
for Social Science software (Chicago, IL, USA). A table and
two graphs of SDP of amniotic fluid measurement were
prepared according to the Bangladeshi standard in healthy
normal participants with healthy normal fetuses.
Results
A total of 744 participants were scanned by ultrasonography
and included in this study. Maternal age ranged between 15
and 38 years. Majority of the participants were from the
middle class. All of the participants were city dwellers. The
SDP was measured in women with 14e41 weeks of gestation.
Table 1 provides the number of participants of SDP
measurements in each gestational age, the observed 10th,
50th, and 90th percentiles, and also the observed mean and
SDs of the data. It shows that in this study in Bangladesh, at
16 weeks’ gestational age mean SDP is 3  0.33 cm (SD), at
20 weeks it is 4.2  0.67 cm, at 26 weeks it is 5.2  1.21 cm,
and at 40 weeks it is 4.4  1.78 cm. The SDP is maximum at
26 weeks of gestational age, and then it gradually de-
creases up to the term. In this study, the SDP ranged be-
tween 1.7 and 7.6 cm, including 2 SD from 14 to 41 weeks of
gestation.
The graph (Fig. 1) shows the raw data (scattered dots) of
SDP measurements with the mean curve on it. The fitted
trend line is a polynomial curve. The smooth curved line is
the mean fitted curve and the crooked line is the mean of
the raw data.
Fig. 2 shows the raw data of SDP measurements, with
the 10th, 50th, and 90th percentile curves on it. The fitted
trend lines are polynomial curves. The unbroken smooth
curved line in the center is the mean fitted curve. The
broken lines below and above it are the 10th and 90th
percentile curves.
Discussion
The volume of amniotic fluid reflects the state of gesta-
tional well-being [2]. In this study, a table showing mean
Table 1 Single deepest pocket of amniotic fluid (observed).
Gestational
age (wk)
Number of
participants
(n Z 744)
10th (cm) 50th (cm) 90th (cm) Mean (cm) SD (cm)
14 3 2.7 2.8 d 2.8 0.10
15 3 2.2 2.9 d 2.8 0.56
16 7 2.7 2.9 d 3.0 0.33
17 5 2.5 4.1 d 3.7 1.14
18 9 3.0 4.0 d 3.8 0.66
19 12 3.0 4.2 5.2 4.0 0.72
20 12 3.0 4.4 5.0 4.2 0.67
21 16 3.3 4.3 5.1 4.1 0.74
22 17 3.4 4.5 6.0 4.5 0.79
23 14 2.7 4.5 5.8 4.5 1.07
24 10 3.2 4.6 5.9 4.6 1.05
25 14 3.6 4.7 7.3 5.0 1.29
26 13 3.5 5.2 7.1 5.2 1.21
27 24 3.8 5.0 6.1 4.8 0.94
28 18 3.3 4.8 5.7 4.8 1.00
29 22 3.6 4.9 6.4 4.9 1.13
30 25 3.2 4.8 6.8 4.9 1.34
31 32 3.3 4.7 6.7 4.8 1.25
32 34 3.1 4.5 6.3 4.6 1.17
33 46 3.4 4.6 6.6 4.7 1.12
34 43 3.0 4.5 6.4 4.6 1.26
35 70 3.2 4.6 6.6 4.7 1.18
36 82 3.2 4.6 6.6 4.7 1.29
37 76 2.8 4.8 7.0 4.8 1.68
38 75 2.7 4.6 5.9 4.7 1.28
39 40 2.7 4.4 6.7 4.6 1.54
40 17 2.6 4.3 7.3 4.4 1.78
41 5 2.6 3.6 d 3.7 1.28
The table gives the observed 10th, 50th, and 90th percentiles of SDP measurements. It also gives the observed mean and SD of the data.
SD Z standard deviation; SDP Z single deepest pocket.
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Fig. 1 Graph showing the raw data (scattered dots) of single
deepest pocket measurements, with the mean curve on it. The
fitted trend line is a polynomial curve. The smooth curved line
is the mean fitted curve, and the crooked line is the mean of
the raw data.
204 S.Q. Rashidand SD of amniotic fluid assessment with SDP is prepared.
The table also gives the observed 10th, 50th, and 90th
percentiles of the data. The graphs were then constructed
using the data from this table. One graph (Fig. 1) shows the
mean curve on the raw data. The trend line of the curve is
polynomial. The other graph (Fig. 2) shows the curves of
10th, 50th, and 90th percentiles.
The fetal anomalies that were detected during this
period and therefore excluded from this study were
dwarfism, acrania, duodenal atresia, hydrocephalus,
microcephalus, hydrops fetalis, and aneurysm of a vessel in
the brain. Fig. 3 shows a large SDP of 11.5 cm due to
duodenal atresia in a fetus, and Fig. 4 shows a small SDP of
2.4 cm in a growth-restricted pregnancy.
Amniotic fluid surrounds and protects the fetus in the
amniotic cavity. It acts as a cushion against the constricting
confines of the gravid uterus, providing the fetus room for
movement and growth and protecting it from external
trauma. This space around the fetus is necessary for the
normal development and maturation of the fetal lungs. It
also promotes normal development of fetal limbs by
permitting periodic extension, thereby preventing joint
contractures. The fluid bathing the fetus helps in main-
taining the fetal body temperature and also plays a part in
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Fig. 2 Graph showing raw data of single deepest pocket
measurements, with the 10th, 50th, and 90th percentile curves
on it. The fitted trend lines are polynomial curves. The un-
broken smooth curved line in the center is the mean fitted
curve. The broken line below and above it are the 10th and
90th percentile curves.
Amniotic Fluid Volume Assessment 205the homeostasis of fluid and electrolytes [5]. Its normal
volume is important for the fetal well-being. The quantity
of amniotic fluid increases until about 30 weeks of gesta-
tion. At that point, the volume of fluid begins to decrease
considerably until delivery [2].
Assessment of AFV using the SDP method involves
measuring the maximum vertical depth of any amniotic
fluid pocket. An SDP measurement <1e2 cm is considered
to represent oligohydramnios and an SDP measurement
>8 cm represents polyhydramnios [6e8].
The reproducibilities of subjective assessment of AFV,
SDP measurement, and AFI have all been evaluated. The
intraobserver and interobserver variabilities for all of these
methods are low and are too similar to provide a basis for
choosing among them [8e10].
In the absence of any solid evidence favouring one
approach, it is recommended that an experienced sonog-
rapher or sonologist rely on subjective assessment of fluid
volume, especially in a setting in which the person
rendering the final interpretation has the opportunity toFig. 3 Large single deepest pocket of 11.5 cmdue to duodenal
atresia.perform real-time scanning. The four-quadrant AFI is a
reasonable choice for those with little experience at ob-
stetric ultrasound evaluation or in a facility in which the
person interpreting the scan has little or no involvement in
real-time scanning [1]. Another study found no difference
in amniotic fluid evaluation, by comparing maximum fluid
pocket depth with AFI [11]. Therefore, either of the two
methods can be used by less experienced sonographers.
The AFV assessment in multiple gestations can often be
quite difficult. In dizygotic gestation in which each gesta-
tion resides within its own amniotic sac, the subjective
assessment of AFV or largest single pocket of amniotic fluid
must be carried out, because the four-quadrant AFI is
meaningless [1].
Choosing the technique for measuring amniotic volume
is important because women often undergo early cesareans
or induced labor following detection of decreased AFV. A
team of Cochrane Researchers reviewed data from four
trials that involved a total of 3125 women. They found that
when AFI was used, more pregnant women were diagnosed
with low fluid volumes than when SDVP was used. There is,
however, no indication that AFI is doing a better job in
detecting distressed fetuses. As a result, when AFI is used,
more women will be encouraged to have early deliveries,
and more women will have a cesarean delivery for the so-
called fetal distress than are needed, than if SDVP was
used. The problem is having a method that detects fetuses
that are in trouble, without including many others that
would happily go to term and have a spontaneous onset of
delivery; at the moment, however, it seems that SDVP is the
best available option when it comes to measuring AFV [3].
TheMVPdepth isconsidereda reliablemethodforassessing
AFV on ultrasound. It is performed by assessing a maximal
depth of amniotic fluid, which is free of umbilical cord. The
usually accepted values are <2 cm (indicative of oligohy-
dramnios); 2e8 cm (normal but should be taken in the context
of subjective volume); >8 cm (indicative of polyhydramnios,
althoughsomecenters,particularly inAustralia,NewZealand,
and the UK, use a cut-off value of 10 cm) [12].
A study was conducted on women at the time of
admission to the labor and delivery unit to determine
which type of ultrasonographic assessment of the amniotic
fluiddAFI, SDVP, or amniotic fluid distribution (AFD)dhad
the greatest clinical utility in predicting labor complica-
tions. Patients not at term, with a nonvertex presentation,
or with ruptured membranes, polyhydramnios, or known
maternal or congenital abnormalities were excluded. A
total of 266 low-risk pregnant women admitted for labor
were included. Positive findings were defined as AFI <5.0,
DVP <2.5 cm, and AFD, sum of the two lower quadrants
of the AFI with a lower value than the sum of the two upper
quadrants. Meconium was documented in 56 patients
(21%), 13 patients (4.8%) had a cesarean section for fetal
indications, and four infants (1.5%) were admitted to the
neonatal intensive care unit. Abnormal AFI was detected
in 35 patients (13%), abnormal DVP in 38 patients (14%),
and abnormal AFD in 117 patients (44%). The authors
concluded that normal ultrasonographic values for AFI
and AFD are associated with a very low risk of labor
complications [13].
A study was conducted to determine the normal values
of the DVP in term pregnancies and whether a similar
Fig. 4 Small single deepest pocket of 2.4 cm in a growth-
restricted pregnancy.
206 S.Q. Rashidrelationship to birth weight (BW) exists. Two hundred and
thirty-one term patients (37e42 weeks) with intact mem-
branes and a normal AFI were included. The DVP was
identified and compared with BW, BW >4000 g [large for
gestational age (LGA)], and BW 4000 g when the DVP was
>6 was 4.0 (1.6e9.5) and 15.8 (1.6e157.6) if maternal
diabetes was also present. No difference was determined
for small for gestational age using a DVP <2. It was
concluded that higher DVP is associated with the delivery of
an LGA infant, particularly in diabetic women [14].References
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